High-functioning communicable disease surveillance systems are critical for public health preparedness. Countries that cannot quickly detect and contain diseases are a risk to the global community. The ability of all countries to comply with the International Health Regulations is paramount for global health security. Zoonotic diseases can be particularly dangerous for humans. We conducted a surveillance system assessment of institutional and individual capacity in Kinshasa and Haut Katanga provinces in the Democratic Republic of the Congo for nationally identified priority zoonotic diseases (eg, viral hemorrhagic fever [VHF], yellow fever, rabies, monkeypox, and influenza monitored through acute respiratory infections).
I n today's interdependent global economy, people and resources move quickly and easily across borders, resulting in an increased risk of rapidly spreading epidemic-prone diseases and public health emergencies of international concern. The Democratic Republic of the Congo (DRC), a hot spot of emerging zoonotic diseases and at high risk of future disease outbreaks, has experienced the emergence and reemergence of diseases such as Ebola and monkeypox with epidemic potential. [1] [2] [3] [4] In the DRC, many people live in tropical or heavily forested areas and frequently handle and consume bush meat-2 factors that increase the risk of being infected with a zoonotic disease. The prevention and control of highly epidemic zoonotic diseases is an international priority for global health security and a key component of the Global Health Security Agenda (GHSA). The GHSA sets a goal for all participating nations to identify the 5 zoonotic diseases or pathogens of greatest public health concern and strengthen existing surveillance systems for those diseases.
Like many low-resource African nations, the DRC's health system suffers from poor healthcare coverage, lack of needed infrastructure and equipment, insufficient human resources, stock-outs of essential medications and vaccines, and financial issues. 5 These factors impede the health system's ability to prevent and prepare for future disease outbreaks. The 2016-2020 National Health Development Plan (PNDS) 5 provides a 5-year operational outline for achieving the goals of the national strategy for health system strengthening. The plan outlines the following 4 weaknesses for epidemiologic surveillance in the DRC: (1) problems with data completeness and promptness; (2) insufficient capacity for data analysis; (3) poor dissemination and lack of communication mechanisms; and (4) insufficient availability of computers and accessories (eg, printers) at the health zone level and in health facilities. To further national goals for strengthening epidemiologic surveillance, national and international disease surveillance stakeholders convened to draft the GHS 5-year roadmap, which aims to improve the DRC's ability to comply with the International Health Regulations (IHR) by identifying objectives and actions in line with the GHSA. 6, 7 The roadmap outlines priority country-specific objectives and milestones and identifies in-country partners capable of addressing those objectives.
The DRC health system is organized into 3 levels: national, intermediate, and peripheral. 5 Below the national level, the intermediate health system level is comprised of 26 provincial-level administrative health offices and provincial hospitals. The peripheral level is subdivided into 518 health zones, each administered by a health zone office; 393 general reference hospitals; and 8,266 health centers. Health zones are further divided into health areas, with corresponding health centers responsible for disease surveillance and community health workers who support health system functions by reporting and referring suspect cases of epidemic diseases and unusual or unexpected health events in the community. The case-based surveillance system in the DRC is used to monitor the occurrence and spread of epidemic-prone diseases at each level of the health system. Health structures at each level conduct reporting of priority diseases and events of public health concern as defined by the DRC Technical Guide for Integrated Disease Surveillance and Response (IDSR). 8 Routine weekly reporting occurs when the health zone level provides weekly aggregate case counts of the priority diseases for the preceding 7 days to the provincial level, which then reports it to the national level. When there is a suspected case of an epidemic-prone disease-in the community, via report from a community health worker, or within the health facility (eg, health center, general reference hospital)-health workers report the case immediately to the health zone office by telephone or by physical transport. After health zone authorities conduct an initial investigation to gather more information about the suspect case using the case investigation form, the health zone office notifies the provincial health office, which then notifies the Directorate of Disease Control (Direction de Lutte contre la Maladie, or DLM) at the national level. The role of the national level is then to ensure that the necessary resources, financial and logistical, are allocated to the provincial and health zone levels to facilitate a coordinated response to the outbreak.
To effectively implement GHS 5-year roadmap activities, an improved understanding of the strengths and weaknesses of the DRC case-based surveillance system was needed. To address this gap, we assessed the surveillance system in 2 provinces in the DRC using the US Centers for Disease Control and Prevention (CDC) guidelines for evaluating surveillance systems, including operations, resources, and attributes (eg, simplicity and data quality). 9 We focused the surveillance system assessment on 5 priority zoonotic diseases selected by a multisectoral commission in 2016: viral hemorrhagic fever (VHF), yellow fever, rabies, monkeypox, and influenza monitored through acute respiratory infections. These 5 diseases were selected according to a scoring method that considered the severity, disease burden, transmission potential, laboratory diagnostic capability, prevention and control capability, and socioeconomic impact of the disease. In 2016, according to data collected and analyzed by the DLM, disease incidence (per 100,000 persons) was 0.01 for VHF, 3.56 for yellow fever, 0.13 for rabies, 3.90 for monkeypox, and 4,492.17 for acute respiratory infection. 10 The objective of this assessment was to identify priority activities for zoonotic disease surveillance system strengthening. We shared and validated these results with the DLM and collaboratively developed an improvement plan that would identify specific activities that could be implemented to address the weaknesses in the zoonotic disease surveillance system.
Methods
We conducted a surveillance system assessment of the 5 selected zoonotic diseases in 2 provinces of the DRC: Kinshasa and Haut Katanga. Our assessment targeted these 2 provinces because they were not included in a previous evaluation conducted by the DLM of 16 provinces at risk of Ebola in 2016. In addition, we planned to focus future surveillance system strengthening interventions in these locations, and therefore the assessment would serve as a baseline for measuring improvements.
The assessment instruments consisted of standardized questions to conduct interviews with selected health workers involved in epidemiologic surveillance activities at each level of the health system. The instruments covered the following topics: availability of appropriate operational guidelines and policies; health worker title, role, years of experience, education, and training; date of most recent training; availability of surveillance reporting tools, quality of data reported, and storage of completed reports; method of reporting (paper, electronic) and data transmission (in person, telephone, internet); data analysis meetings held and existence of epidemiologic data posted at the health structure; and health worker comments on ways to improve surveillance. The instruments were pretested with health workers from a health zone in Kinshasa not selected for the assessment, including 2 staff from the health zone office, 2 staff from a health center, and 2 community health workers. Data were collected in paper format, recorded into a Microsoft Excel spreadsheet, and analyzed with SPSS 22.0 software.
We assembled a field team of 6 people, led by a local field epidemiologist with experience conducting surveillance assessments and supported by national-level DLM staff. During March and April of 2017, the field team visited 38 sites throughout the health system in Kinshasa and Haut Katanga, including provincial health offices, health zone offices, general reference hospitals, and health centers ( Table 1 ). The field team administered the questionnaire to 1 or 2 available health workers at each health structure who were responsible for case assessment, disease reporting, and data compilation.
To assess training level of staff in surveillance methods, we asked health workers if they had been trained in surveillance methods using the IDSR curriculum, which is offered by the ministry of health with support from the World Health Organization (WHO), and the Field Epidemiology Training Program (FETP), directed by the ministry of health with support from the CDC for either 3 months (Frontline FETP) or 2 years (Advanced FETP). If yes, the frequency and recency of training received was documented. Additionally, we asked community health workers if they had been trained in community-based surveillance methods.
Health worker knowledge of case definitions for the 5 priority zoonotic diseases was assessed by asking the respondent to list possible signs and symptoms of each disease, which the interviewer checked against standard and community-based case definitions as outlined in the IDSR guidelines for the DRC 11, 12 (Table 2) . A percentage score was calculated out of the number of correct signs and symptoms listed for each disease. Supervision of health workers was assessed by asking respondents to indicate the number of supervision visits received by the superior health structure between October 2016 and December 2016.
Availability of required surveillance reporting tools was assessed by observing whether each type of blank form was available at each health structure. Among available and completed forms, the field team assessed data quality by determining whether the forms met the following data quality criteria: completeness of data entered (eg, zero reporting as applicable), void of erasures and crossed-out numbers, coherent figures and sums, and completeness of required information on the form (eg, name of health structure). To determine if health structures carried out a review and interpretation of data collected locally, we asked whether a data analysis meeting had been held at the health structure in the past 3 months and observed whether previous quarter epidemiologic data trends were posted to the wall of the health structure. Data compilation and storage were assessed by reviewing whether surveillance system reporting data were compiled at the health structure in (1) hardcopy paper format only, (2) electronic format only, or (3) both. 
Results
From March 2017 to April 2017, in Kinshasa and Haut Katanga provinces, the assessment team interviewed 47 health workers at 38 health structures-administrative structures (provincial and health zone offices) and health facilities (health centers and general reference hospitals)-and 32 community health workers ( Table 1) . Types of health workers interviewed included health information officers, chief medical officers, medical officer in charge of disease surveillance, head physician, head nurse, and community health worker.
Kinshasa and Haut Katanga provinces are on opposite sides of the vast country of the DRC. Haut Katanga, home to Lubumbashi, the second largest city in the country and center of the copper mining industry in the DRC, is approximately 2,300 kilometers from Kinshasa province, location of the capital and DRC's largest urban center, with a population estimated at 13 million. The distance between the provincial health office and the furthest health zone office in Kinshasa is 150 kilometers, whereas the distance between the provincial health office and farthest health zone office in the larger and more rural province of Haut Katanga is 520 kilometers.
Health Worker Surveillance Training
We found that the most common type of training received among health worker respondents at health structures was IDSR training: 36% of health workers at administrative structures and 21% at health facilities had participated in an IDSR training at some point in the past. At administrative structures, 2 (14%) respondents reported receiving FETP training. The majority (79%) of health facility respondentsthose responsible for disease surveillance and diagnosis-did not report any formal or informal training specific to surveillance. However, 47% of community health workers reported that they had received community-based surveillance training (Table 3) .
Health Worker Knowledge of Case Definitions
Overall, case definitions of the 5 priority zoonotic diseases were not well understood by the health workers interviewed (Table 4) . Among administrative and facility-level health workers, only 7% and 12%, respectively, could name at least 4 out of 7 signs and symptoms used in the standard case definition for VHF, whereas 59% of community health workers could name at least 1 of the 2 key symptoms used in the community-based case definition of VHF. Conversely, knowledge of yellow fever was highest among all of those interviewed, with 93% of administrative health workers and 91% of facility-level health workers able to name at least 2 out of 3 signs and symptoms used in the standard case definition for yellow fever.
Supervision of Health Workers
The low proportion of supervision visits received at each level of the health system indicates that fewer supervision visits took place than recommended. The health zone offices received 33% of expected supervision visits from the provincial level offices, the general reference hospitals received 67% of expected visits from the health zone offices, and the health centers received 56% of expected supervisions from the health zone offices ( Table 5 ).
Use of Surveillance Reporting Tools
Not all required reporting tools were available at health facilities, and some facilities were using outdated reporting tools ( Table 6 ). The rumor register, which documents unexplained or suspicious illnesses or deaths obtained from unofficial sources such as community members, media outlets, schools, or pharmacies, was available in the fewest health facilities, whereas the consultation register was available in all health facilities. The weekly notification form was available in all health zone offices, 83% of health Administrative structure includes provincial health office and health zone office; health facilities include health centers and general reference hospitals; and community includes community health workers.
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Health Security centers, but in only 2 out of 9 general reference hospitals. The case notification form was available in half (50%) of health centers, and the case investigation form was available in only 22% of health centers.
Data Quality and Analysis
Findings indicate that 82% of the weekly notification forms at administrative structures were filled out completely (no missing fields) as compared to 48% of weekly notification forms at health facilities. Rates of correct completion of weekly notification forms were 55% in administrative structures and 33% in health facilities (Table 7) . Common errors included incorrectly reporting the absence of disease cases by leaving the field blank rather than filling in zeros to indicate that no cases were reported and incorrectly calculated sums. Both provincial health offices (100%) and 70% of health zone offices reported conducting 1 surveillance data analysis meeting in the past 3 months. A quarter of health facilities (26%) reported holding a data analysis meeting in the past 3 months. One provincial health office (50%), 3 health zone offices (33%), and 4 general reference hospitals and health centers (13%) posted previous quarter epidemiologic data in a location that could be viewed by anyone visiting the health structure.
Data Compilation and Storage
Both provincial health offices (100%) and 30% of health zone offices reported compiling and storing data in electronic format (Microsoft Excel) or both hardcopy and electronic formats. With the exception of 2 hospitals in Kinshasa and 1 health center in Haut Katanga, the majority (88%) of health facilities interviewed reported that they compiled data only in hardcopy paper format.
Discussion
The design of the case-based surveillance system in the DRC is consistent with IDSR guidelines and is well understood by health system actors; however, the capacity of health workers to adequately contribute to the system is affected by the low level of training in surveillance methods, low knowledge of case definitions, infrequent supervision from higher-level health authorities, and lack of surveillance reporting tools. Our assessment took place in 2 of the most populated provinces in the DRC, where healthcare personnel and resources would be expected to be most concentrated and of higher quality. This emphasizes the fact that the weaknesses observed in the surveillance system in this assessment may be even more pronounced in lowerresource and less populated areas in the DRC. These factors ultimately lead to inadequate quality and reporting of zoonotic disease surveillance data and the inability to interpret and present surveillance data at a local level, where disease outbreaks emerge. These weaknesses compound the DRC's high vulnerability to emerging zoonotic diseases and affect the country's ability to respond quickly to outbreaks. 4 Although our sample of health structures and health workers is neither nationally nor internationally representative, the results of this assessment highlight the barriers to maintaining a globally responsive disease surveillance system in low resource countries. A strong and sustained commitment from government and international partners to an improved case-based surveillance system will ensure that epidemic-prone diseases are controlled within and beyond the borders of the DRC. This includes a sustained commitment to strengthening the surveillance system, including maintaining and growing the technical competence and motivation for the biosurveillance workforce. This assessment revealed that most health workers interviewed did not have formal training in epidemiologic surveillance, as evidenced by the lack of recent training in IDSR guidelines for both health workers at facilities and administrative structures. Those who reported ever having received IDSR training had not been trained in at least 3 years, indicating an urgent need for refresher training and more targeted supervision efforts. Implementation of regular and recurring training on updated IDSR guidelines for both new and existing health workers could reinforce principles and guidelines for disease surveillance at the facility level.
Health workers' low level of knowledge of signs and symptoms of VHF is a noteworthy weakness given the worldwide attention to the recent Ebola outbreak in West Africa and the continual reemergence of Ebola throughout the DRC since it was discovered in 1976, including the recent outbreaks in Likati health zone of Bas Uélé Province in May-June 2017** and Bikoro health zone of Equateur Province in May 2018.*** This may be because VHF historically has been found in forested areas in northern DRC (eg, Ebola outbreaks in Tshuapa and Bas Uélé provinces, DRC) rather than in Kinshasa and Haut Katanga provinces, where our assessment took place. Nevertheless, with the frequent travel of people from rural to urban areas and the potential rapid amplification of an Ebola outbreak in urban areas, this finding is noteworthy.
In addition, the VHF standard case definition includes nonspecific clinical symptoms such as fever, pain, and headache that may be associated with other conditions and may make them more difficult to recall, as compared to the other priority zoonotic diseases assessed, which had fewer and more clinically specific symptoms. However, knowledge of case definitions with nonspecific symptoms can be critical during an Ebola outbreak to ensure as many cases as possible are identified in a timely manner. Broader definitions are helpful to identify cases when epidemiologic risk factors are unknown (eg, contact with a confirmed case) and for diseases with highly specific symptoms that are rare or difficult to diagnose (eg, internal hemorrhage). 13 Knowledge of the VHF community case definition was higher among community health workers than their facilitylevel counterparts. This could be because the VHF community case definition has fewer symptoms, making it easier to recall. Regardless, sufficient knowledge of VHF among community health workers is a positive finding, given that community engagement can be an important factor in fighting Ebola outbreaks. 14, 15 Ebola can incite fear and stigma in communities, causing potential cases to avoid health facilities, which can result in greater risk of transmission and death.
14 Therefore, community health workers are an important first line of defense in detecting diseases like Ebola. Other studies in Africa have also found community health workers/volunteers to be valuable assets in the early detection of epidemic-prone diseases through basic syndromic surveillance. 16, 17 Recall of the case definition of yellow fever is the highest of the 5 zoonotic diseases assessed. The findings about yellow fever provide a realistic minimum target of what we can expect around the other diseases with additional training. There has been a recent outbreak of yellow fever that originated in Angola and spread across the border into provinces near Kinshasa in 2016, 18 which could contribute to the higher recall among health workers, particularly in Kinshasa province. However, in contrast to the VHF standard case definition with 7 signs and symptoms, the yellow fever case definition contains 3 signs and symptoms, which may also make it easier to recall in its entirety.
Our findings suggest that more training and reinforcement on case definitions is needed at all levels, but particularly for those who interact with patients in communities and at the lower levels of the health system. The DRC might consider training community health workers in communitybased surveillance methods, particularly in rural areas with poor access to formal healthcare structures. A focused training on community-based surveillance of the priority Administrative structure includes provincial health offices and health zone offices; health facilities include health centers and general reference hospitals; and community includes community health workers. **http://www.who.int/emergencies/ebola-DRC-2017/en/ ***https://reliefweb.int/sites/reliefweb.int/files/resources/SITREP-EVD-DRC-20180511.pdf
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S-50diseases could be combined with existing training of community health workers on vaccine-preventable childhood illnesses (eg, tetanus, meningitis, polio, diphtheria, and measles) currently offered by the WHO. Another recommendation that has been made in similar settings is to reinforce surveillance resources or implementation of sentinel surveillance sites in geographic areas that experience repeat outbreaks of epidemic-prone diseases. 17 In addition to the lack of adequate training in surveillance methods, the inconsistent compilation and insufficient archiving of surveillance data impedes the ability of health workers to analyze and interpret facility-level surveillance data. Most health structures, except for the provincial health office, maintained only recent paper hardcopies of surveillance reporting forms because of the lack of suitable storage for archived data. For example, surveillance reporting forms provided by the ministry of health have carbon copies that should be stored in secure, fire-proof cabinets at the reporting structure, organized according to epidemiologic week. The health zone offices are expected to use electronic reporting tools (eg, Excel spreadsheets) to enter weekly epidemiologic data and transfer data via the internet available through satellite installed at the structure, yet many health zone offices were still using paper hardcopies only and either calling in or physically delivering the reports to the provincial health office. This is primarily because computers and communication satellites are either not available or not wellfunctioning, or health workers are required to use their personal phones and computers.
Without archived surveillance data at the health structure, review and interpretation of surveillance data rarely take place and surveillance data from the previous quarter were rarely displayed on the wall of health structures as recommended for transparent data sharing among staff, patients, and surveillance stakeholders. Future assessments may also want to observe and assess whether materials needed for data sharing and dissemination, such as paper, flip charts, markers, rulers, and tape, are available at health structures and provided by higher-level health authorities. Furthermore, surveillance data compiled in different formats and transmitted via multiple methods can lead to confusion and inaccuracy in reports sent to the higher-level health authorities. 19 The weekly notification form was available in nearly all health zone offices and the majority of health centers but found in fewer than a quarter of general reference hospitals. A prior evaluation conducted by the DLM in other provinces revealed similar gaps in the availability of required surveillance tools in hospitals in the DRC (written communication, DLM). It is a troubling finding that these higher-level structures are not adequately integrated into the surveillance system. Moreover, the head nurse is often the only health worker trained and responsible for surveillance at the hospital level, and if he or she is absent or busy with clinical care, disease reporting does not occur in a timely manner. Reporting of notifiable diseases is less of a priority in health structures that do not have a designated surveillance officer. 20 We found that even when surveillance reporting tools were available, data quality concerns remained. Administrative structures were more likely to have weekly notification forms that met data quality criteria for completeness and coherence of data compared to health facilities. Administrative structures compile and aggregate data received from lower-level health facilities. If administrative structures detect any errors or omissions, they attempt to contact the health facilities to confirm or verify information before reporting the data to the national level. It is likely that the original data source at the health facility is not corrected at the same time, which may be the reason we see lesser quality data at the lower levels. Incomplete data could also be explained by the use of outdated weekly notification forms; therefore, we recommend that the ministry of health conduct an assessment and inventory of forms and print and distribute updated forms nationwide as needed.
The limitations of our assessment include the fact that most data were collected from respondent recall, creating a potential recall bias. The field team attempted to verify responses by reviewing documentation at the health structure when available. However, in many cases, archived forms were unavailable, and documentation and dates of supervision visits and data analysis meetings were missing. This assessment took place in 2 of the 26 provinces in the DRC, and thus the findings are not generalizable to the entire country. However, these findings are consistent with a surveillance evaluation conducted in 2016 at health structures in 16 provinces of the DRC, providing further evidence that the surveillance system weaknesses are widespread (written communication, DLM).
Recommendations
Based on these assessment results, we worked with national surveillance partners to develop an improvement plan for surveillance system strengthening in the DRC. The improvement plan documented significant weaknesses in the surveillance system and described specific, high-impact activities to target those weaknesses. Recommendations stemming from this assessment were organized into 3 strategic areas: (1) strengthen systems for collecting and analyzing surveillance data, (2) strengthen information systems and reporting, and (3) strengthen health worker capacity and provision of materials.
Several cross-cutting activities were suggested to enhance surveillance of priority zoonotic diseases:
1. To improve completeness and data quality, ensure updated surveillance forms are available at all reporting structures and organize a refresher training for health workers on how to fill out required forms.
2. To improve data analysis capabilities, develop a checklist to use during data analysis meetings to help identify problems, and conduct a training session on the use of data analysis tools such as Excel and EpiInfo. 3. To improve supervision, allocate additional financial and logistical resources to ensure supervision is conducted at each level, and develop improved strategies, tools, and indicators to help health workers recall case definitions and better measure health worker competencies. 4. Build capacity of health workers involved in the surveillance system to better detect, notify, and report priority zoonotic diseases, especially diseases with nonspecific signs and symptoms, such as VHF, to help improve identification of cases in the early stages of disease progression. This will require organized efforts to train more health workers in surveillance methods, especially at the hospital level, produce and distribute case definition job aids to health facilities, and conduct supervision visits in a timely and effective manner.
Surveillance system evaluations are important to assessing compliance with the IHR and provide data with which to measure progress from interventions aimed at strengthening surveillance systems. Moving forward with the recommendations identified here is contingent on the DRC having adequate financial and material resources to maintain basic functions in an already constrained health system. Increasing the capabilities of the surveillance system in the DRC is critical to health security in the DRC and the broader global community.
